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ABSTRACT 
Sensitive, polarimetric observations are presented for the region of the Galactic 
plane 276°~1~238°, with a latitude coverage of +5°~b~ _80 over most of this 
range. These observations were made using the Parkes 64-m radio telescope, at a 
frequency of 2.4 GHz. Both total-power and polarized emission are detected from 
the Vela supernova remnant, over an area exceeding 80 in diameter. Additionally, a 
number of features are identified beyond the shell of Vela, which correspond with 
what appear to be ejecta accelerated by the supernova explosion. Radio emission 
containing a significant polarized component is detected from the Gum nebula. To 
account for our observations, both a thermal and a non-thermal component of this 
emission are therefore required. The discrete SNR G 240.9-0.9 is reinterpreted as 
a section of this emission from the Gum nebula. 
Key words: polarization - ISM: bubbles - ISM: individual: Gum nebula - ISM: 
individual: G 240.9 - 0.9 - ISM: individual: Vela SNR - supernova remnants. 
1 INTRODUCTION 
As part of the recent 2.4-GHz survey of the southern Galac-
tic plane (Duncan et al. 1955a), sensitive images of the area 
surrounding the Vela supernova remnants (SNR) have 
been made. Maps of both the total-power and linearly 
polarized emission are presented. The region imaged 
extends many degrees beyond the boundary of the Vela-X, 
Y, Z complex (Milne 1968) and west to Galactic longitude 
238°. A section of the Gum nebula, as identified from the 
Hoc atlas of Rodgers et al. (1960b), also falls within the 
observed area. 
The Vela remnant appears as one of the largest and 
brightest SNRs, and both it and the Gum nebula lie at 
similar distances (of the order of 500 pc). Lying so close, 
these objects offer a close-up look at many of the features 
present in other large-scale structures along the Galactic 
plane. 
2 OBSERVATIONS 
Details of the Parkes observations are given in Table 1. The 
data presented here are taken from the larger Galactic 
plane survey (Duncan et al. 1995a), and a detailed account 
of the equipment and observing procedures may be found 
therein. 
Observations were performed using the Parkes 64-m 
radio telescope, using a receiver bandwidth of 145 MHz and 
a centre frequency of 2.417 GHz. Briefly, the observations 
consisted of scans in directions of constant Galactic longi-
tude (I) and constant Galactic latitude (b). Adjacent scans 
were separated by 4.0 arcmin, as this provided just over two 
sample points per beamwidth (HPBW; i.e., sampled above 
the Nyquist rate). Maps composed of these orthogonal 
Table 1. Information, measured map parameters, and 
assumed calibrator values for the observations. Note that the 
rms noises are quoted for a beam area of 10.4 arcmin. 
Centre frequency 
Bandwidth 
Nominal nns noise 
Rms noise for _5° ~ b ~ -8° 
Telescope HPBW 
Final map HPBW 
1934-683 flux 
Hydra A flux 
3Cl38 position-angle 
0605-063 instrumental pol. 
Observation dates 
2.417 GHz 
145 MHz 
17 roJy /bea.rn area (TP) 
11 mJy /bea.rn area (PI) 
12 mJy/bea.rn area (TP) 
6 mJy/bea.rn area (PI) 
(8.'93 x 8.'40):1: 0.'08 
(10.'62 x 10'.23) :I: 0.'07 
11.50 Jy (assumed) 
25.87 Jy (assumed) 
169° (assumed) 
~ 1 % (measured) 
1994 March (+So ~ b ~ -5°) 
1994 May (_5° ~ b ~ -8°) 
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scans were processed and combined in such a way as to 
suppress low-level scanning effects and noise. 
Throughout the observations, four calibration sources 
were regularly observed. Hydra A and 1934 - 638 were used 
as gain calibrators, while 3C 138 and the point-like H II 
region 0605 - 063 were observed to calibrate the polariza-
tion observations. Assumed calibrator values, along with 
measured beamwidths and map resolutions, are detailed in 
Table 1. Note that the calibrator values used agree well with 
the Baars et al. (1977) flux density scale. 
3 DATA REDUCTION 
The reduction procedures will be briefly outlined below. A 
full description of the data-reduction process for the total-
power images is given in Duncan et al. (1995a). Reduction 
procedures pertaining to the polarized intensity images will 
be described in a later paper, in which polarization images 
from the entire 2.4-GHz survey will be presented. 
First, individual scans were assembled into maps. These 
were then appropriately baselined, and each map was 
examined for bad data points, spikes and interference. 
Affected areas were either corrected or flagged out. Addi-
tionally, instrumental polarization effects were subtracted 
from the Stokes-Q and Stokes-V maps where required. 
Instrumental effects were most noticeable coincident with 
the bright (146 Jy beam-I), point-like source G 267.9 -1.1, 
although instrumental polarization was also removed from 
the point-like sources G 274.0 -1.2 and G 265.1 + 1.5. 
Corresponding orthogonally scanned maps were then 
combined using software to add the individual maps in the 
Fourier plane, and to produce the final map through an 
inverse transform. Finally, to improve the signal-to-noise 
ratio, the images were smoothed with a Gaussian of width 
1.2 times the nominal telescope beamwidth (see Table 1). 
Additionally, the polarized intensity image shown in Fig. 
3(c) has been further smoothed to 2.0 times the telescope 
beamwidth, to increase the signal-to-noise ratio further. 
All images and figures have been rescaled to mJy per 
smoothed-beam-area. 
4 RESULTS AND DISCUSSION 
4.1 Overview 
The region surrounding the Vela SNR is shown in Figs 1 
and 2, while the majority of the Gum nebula emission is 
seen in Fig. 3. Both the total-power and polarized intensity 
(PI) images are shown in grey-scale to enhance the visibility 
of faint and subtle features. No spatial filtering has been 
applied to either of these images. 
By far the most prominent object seen in Figs 1 and 2 is 
the Ve1a SNR. Flux densities of up to 10 Jy beam -I in total 
power and 1.7 Jy beam -I in polarized intensity are seen 
from the brightest sections of the SNR. Interesting filamen-
tary and loop-like structures can be seen within several 
degrees of Vela-X. Large arcs of emission can be seen to the 
north of the remnant, approximately centred on the Vela 
pulsar. The smaller SNR Puppis A (G 260.4 - 3.4; Milne, 
Stewart & Haynes 1993) is also clearly visible in Fig. 1. 
To the eastern side of Vela, at Galactic longitudes of 
about 270°, structures resembling 'plumes' or 'fountains' of 
© 1996 RAS, MNRAS 280, 252-266 
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emission are visible. The 'plumes' can be seen in Fig. 1 
extending several degrees towards the north side of the 
Galactic plane and terminating in a cap-like structure. The 
nature of these objects is not clear, but they are possibly 
related to the Gum nebula, which is detected in Hoc images 
throughout much of this region (Sivan 1974). 
A faint, circular area of unpolarized emission can be seen 
centred on G 260.1 + 0.6. This correlates well with an Hoc 
region of similar angular size, RCW 27 (Rodgers, Campbell 
& Whiteoak 1960a). Throughout most of Fig. 3(a), away 
from the bright emission produced by the Vela and Pup-
pis A remnants, faint and large-scale structure can be seen. 
This faint structure appears to be associated with regions of 
enhanced Hoc emission produced by the Gum nebula (Sivan 
1974). 
Additionally, there are two small, isolated H II complexes 
in Fig. 3(a), around G 243.2 - 0.4 and G 253.7 - 0.3. 
Many compact sources can be seen in the total-power 
images. The brightest point-like source, with a peak flux 
density of 146 Jy beam - J, is associated with the H II region 
G 267.947 - 1.066 (Caswell & Haynes 1987). However, as 
we are looking away from bright spiral arms, by far the 
majority of compact sources visible in Figs l(a) and 3(a) are 
expected to be extragalactic. 
The dominant polarization features are also associated 
with the Vela remnant. Fig. 2 shows the polarized emission 
associated with Vela to be much more extensive than has 
been previously detected. Indeed, polarized emission assoc-
iated with the remnant can be detected over an angular 
diameter exceeding 8°. Furthermore, low-intensity polar-
ized emission can be seen in Fig. 3(b), the region dominated 
by the Gum nebula. 
4.2 The Vela remnant 
Both the total-power and PI maps surrounding the Vela 
remnant (Figs 1 and 2) are consistent with previous radio 
observations over the brighter sections of the SNR (Milne 
1968, 1980). 
The observations of the Vela remnant presented here 
represent the most sensitive wide-area image of the SNR at 
this frequency, with rms noise an order of magnitude less 
than that of Milne (1980). 
4.2.1 The total-power image 
The total-power image of Vela reveals a wealth of detail and 
structure, with many filaments and loop-like areas of emis-
sion clearly visible. Faint regions of the remnant can be seen 
to extend much further out than the brighter Vela-X, Y, Z 
complex, indicating that the SNR covers a much larger area 
of the radio sky than has previously been known. 
Fig. l(b) identifies the more prominent features sur-
rounding the Vela remnant in the form of a contour sketch. 
Features A through E in this figure correspond to those 
from the X-ray image presented by Aschenbach, Egger & 
Triimper (1995). Additionally, several objects with RCW 
designations (from Rodgers et al. 1960a) are identified, as 
are some features of the Vela SNR and bright, point-like 
sources. 
The integrated flux of the Vela SNR was found to be 
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Figure 1 - continued 
(3.3 ± 0.3) x 103 Jy at this frequency. This is approximately 
three times higher than the value obtained by Milne (1980); 
however, Milne's integration covered the Vela-X region 
only. We have estimated the flux of Vela-X from Fig. l(a) 
and obtained a value of (1l00±90) Jy, which agrees well 
with that expected at this frequency. 
To the northern side of the SNR, a pair of bright, concen-
tric 'arcs' can be seen in Fig. l(a). The outermost of these 
arcs defines the northern edge of the remnant shell. In 
general, the northern side of the remnant appears much 
brighter than the southern side. The boundary between the 
high and low surface brightness areas is quite sharp and 
occurs at the southern edge of the Vela-X complex. 
At low flux levels it is difficult to identify the boundary of 
the Vela SNR shell because of the presence of both bright 
H II regions abutting the eastern side of the remnant, and 
low surface brightness emission from the Gum nebula (dis-
cussed in Section 4.3) which is seen throughout the region. 
This problem is particularly acute on the remnant's 
southern edge, where the Vela emission fades smoothly into 
© 1996 RAS, MNRAS 280, 252-266 
the background, and it is difficult to identify the remnant 
boundary unambiguously. Nevertheless, the emission seen 
from the Vela remnant is reasonably well fitted by a circle 
centred on G 263.7 - 3.2 of diameter (8.1 ± 0.3t. The 
centre of this circle lies (27 ± 10) arcmin from the birthplace 
of the Vela pulsar (as identified by Bailes et al. 1989), 
approximately 10 per cent of the circle's radius. Because of 
the difficulties inherent in identifying the southern bound-
ary of the SNR, the position and radius of curvature of this 
best-fitting shell were mainly estimated from the bright 
outer arc on the north-eastern side of the remnant. 
The CO maps presented by Dame et al. (1987) show a 
large, arc-shaped region of enhanced density which abuts 
the Vela remnant towards positive Galactic latitudes. Fig. 4 
shows a superposition of the CO contours and the Vela 
SNR. We propose that interaction of the Vela remnant with 
these regions of increased density is responsible for the 
enhanced shell emission detected in these areas. Interest-
ingly, H I work around Vela has recently been published by 
Dubner et al. (1992), who suggest that the northern border 
© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 
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Figure 2 - continued 
of the remnant is also interacting with an H I cloud in this 
region. 
region (Fig. 1b), feature A is divided into both 'X-ray' and 
'radio' sections, with the latter section visible in the radio 
only. It should be noted that the appearance of feature A is 
complicated by the superposition of radio emission associ-
ated with RCW 33. Nevertheless, the radio counterpart of 
this object appears real, with faint extended emission 
encompassing both segments and extending back towards 
the SNR shell. The 'X-ray section' of feature A was located 
in the source catalogue of the 4.85-GHz PMN survey 
(Wright et al. 1994), and a comparison of the listed flux with 
our 2.4-GHz value shows the source to have a non-thermal 
spectral index - in agreement with the VLA observations of 
this region (Strom et al. 1995). The size ofthe 'radio section' 
of feature A is too great to obtain an accurate flux estimate 
from the PMN data, and so no spectral index has been 
computed. 
4.2.2 The Vela 'bullets' 
Several extensions to the general radio emission of the Vela 
remnant shell can also be seen in Figs 1 and 2. These appear 
most prominently on the north-eastern side of the shell and 
match well with similar features recently identified in X-rays 
(Aschenbach et al. 1995), interpreted as high-velocity 'frag-
ments' of the original supernova explosion. Specifically, the 
X-ray features identified as A, B, C and D and E (from fig. 
1 of Aschenbach et al.) are visible in our 2.4-GHz, total-
power image and are identified on the sketch in Fig. l(b). 
Data pertaining to these features are given in Table 2. 
Detection of the faintest X-ray feature (F) is hampered by 
the presence of the faint total-power emission from the 
Gum nebula on the western side of Vela. Each of these 
features will now be briefly described. 
Fig. 1 shows feature A to be of considerably larger extent 
than is seen from the X-ray image. In the sketch of this 
© 1996 RAS, MNRAS 280, 252-266 
Feature B can be clearly seen in Fig. l(a) as a bright, 
symmetric crescent with a well-defined 'leading-edge' to the 
emission. Especially interesting is a bright, slightly extended 
source (1.05 beamwidths) near the geometric centre of 
feature B. This source (G 265.14 + 1.45; RCW 36) is the 
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Figure 3 - continued 
third brightest object visible in Fig. 1, with a peak flux 
density of 24 Jy beam-I. The north-east edge of X-ray 
feature B in our radio image can be well fitted by a semi-
circle centred on the bright source with an uncertainty of 
± 4 arcmin. Any association between feature Band RCW 
36 is unlikely, however, as this latter source is a known H II 
and star-forming region (e.g. Caswell & Haynes 1987; 
Verma et al. 1994), associated with a dense molecular cloud 
(Whiteoak & Gardner 1977). Furthermore, any interaction 
with a high-speed 'fragment' would be expected to produce 
large velocity dispersions within the region, whereas RCW 
36 has a velocity dispersion typical for H II regions, of the 
order of 30 km S-I (Caswell & Haynes 1987). Comparison 
of our data with the PMN source list (Wright et al. 1994) 
confirms a thermal spectrum. 
Feature C can also be faintly detected in Fig. l(a), 
appearing just to the east of the brighter feature B. The 
integrated flux is estimated in Table 2. 
Another object, protruding approximately 45 arcmin 
beyond the shell ofthe Vela remnant, is feature D. There is 
some suggestion from the total-power image that the radio 
emission is broken up a in a similar manner to that seen in 
the X-ray - that is, into the 'leading-edge' feature D and an 
arcuate structure seen within feature D, known as D'. 
The X-ray feature E appears faintly at far negative lat-
itudes, essentially at the edge ofthe map. No integrated flux 
is calculated for this object, since we cannot be certain that 
all emission associated with the feature is detected. 
4.2.3 Polarization intensities across the ~la remnant 
The polarized intensity image of Vela (Fig. 2a) shows a 
large amount of polarized structure associated with the 
remnant - far more than has been known before. 
Like the total-power image, much of the polarized emis-
sion is at low intensities and extends to approximately the 
edge of the remnant. The polarized emission is especially 
intense over the Vela-X region, with most of the polariza-
tion visible in the northern half of the remnant. As with the 
total-power image, comparatively little emission is seen 
towards the negative Galactic latitudes, with the exception 
of a faint, broad, polarized 'arm' running from the Vela-X 
complex to a latitude of be:::. -7~5. Closer in, the total-
power emission associated with the arm is lost within the 
brighter Vela emission. This 'arm' of polarization is a most 
unusual structure, the nature of which is not understood. 
Polarization percentages along the arm are very patchy, but 
reach values up to ~50 per cent. The direction of the tan-
gential magnetic field (in the absence of significant Faraday 
rotation, as is probable in the outer regions of the remnant 
- see Section 4.2.5) runs parallel to the arm over most of its 
length. It is possible that we are detecting the early stages in 
the formation of the familiar 'shell' structure, which is well 
known in other SNRs, in this region ofthe Vela SNR. 
The appearance of Vela in polarization can also be used 
to estimate the overall size ofthe object. We find the bright 
polarized emission associated with the northern side of the 
© 1996 RAS, MNRAS 280, 252-266 
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Figure 4. An overlay of the 2.4-GHz total-power contours surrounding the Vela remnant (thin lines), with contours of velocity-integrated CO 
emission (thick lines) from fig. 2 of Dame et al. (1987); see Section 4.2.1. The resolution of the CO contours is 30 arcmin. Axis markings are 
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Table 2. Integrated fluxes for 
features A, B, C and D (see Fig. 
1b). 
Feature 
A (X-ray) 
A (radio) 
B 
C 
D 
Integrated Flux 
(0.8 ± 0.3) Jy 
(2.3 ± 1.0) Jy 
(4.5 ± 1.5) Jy 
(600 ± 150) mJy 
(6±I)Jy 
remnant shell to be enclosed by a circle indistinguishable 
from that derived from the total-power map. Interestingly, 
the bright outer arc of polarized emission on the remnant's 
north-east side fits the derived shell boundary more pre-
cisely than in the total-power image. However, the polariza-
tion image presents a problem: at far negative latitudes, the 
faint 'arm' of polarization discussed in the previous para-
graph is not completely enclosed by the circle. To encom-
pass both this polarization arm and match the bright 
© 1996 RAS, MNRAS 280, 252-266 
polarized arc on the opposite side of the SNR, the remnant 
shell must be 8 ~ 6 across and centred approximately 40 arc-
min away from the pulsar birthplace. As a significant offset 
was also noted from the recent X-ray observations of the 
Vela region (Aschenbach et al. 1995), it is reasonable to 
conclude that this positional difference is real. Assuming 
that the Vela SNR and pulsar have a common origin -
which is extremely likely, given the work of Bailes et al. 
(1989) and the close match between the pulsar position and 
the convergence point of the X-ray fragments (Aschenbach 
et al. 1995) - the Vela SNR must have expanded asymmet-
rically into the interstellar medium, with the most rapid 
expansion occurring towards negative Galactic latitudes 
(i.e., opposite the density enhancements visible on the CO 
maps of Dame et al. 1987). As such, the SNR is approxima-
tely elliptical in shape, with a major axis of width (8.6 ± 0.3t. 
The length of the minor axis, estimated from the emission 
seen in Fig. 2(a), has a less certain value of (7.4±0.5t. 
To the eastern side of Vela we detect large amounts of 
polarized emission from several areas surrounding the X-
ray features discussed in Section 4.2.2. Specifically, features 
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Band D/D' appear to have significant polarization associ-
ated with their total-power emission. The PI image sur-
rounding feature B (Fig. 2a) matches the total-power figure 
well, confirming that the synchrotron process is the domi-
nant source of emission from this feature and hence that 
significant particle acceleration is taking place. Polarization 
percentages are approximatly 45 per cent along most of 
feature B. 
Associated with feature D is a considerable amount of 
polarized emission, with percentages of the order of 25 per 
cent across the object. Note that feature D' cannot be seen 
in polarization; instead, we see a bright 'core' region near 
the centre of feature D, approximately 20 arcmin across, in 
which percentage polarizations rise to ~ 55 per cent. It is 
possible that this 'core' region is associated with the high-
velocity fragment itself. No convincing detection of polariz-
ation was made from features A (both the 'X-ray' and 
'radio' sections), CorE. 
An interesting polarized structure can be detected 
between features A and B, around G 264.3 + 1.5. This struc-
ture appears as a thin linear segment of polarized emission 
45 arcmin in length, oriented approximately perpendicular 
to the Galactic plane. Note that a break in this structure is 
seen at G 264.3 + 1.5, which corresponds to the position of 
the bright H II region RCW 34 (Caswell & Haynes 1987). 
The 'line' of polarized emission is terminated in a cap-like 
feature at a latitude of b = + 1 ~ 7. The linear section of this 
object may be traced back towards Vela-X, where it inter-
sects (well within the uncertainty) the position of the Vela 
pulsar. 
The morphology of this structure strongly implies that it 
is produced by particle acceleration from yet another 'frag-
ment' of the Vela supernova explosion, with depolarization 
of the feature occurring where it crosses RCW 34. Again, it 
is curious to note that a bright, point-like H II region lies 
along the (apparent) path from the Vela pulsar to the 'lead-
ing edge' of the fragment; nevertheless, no association can 
be claimed. 
4.2.4 Polarization position angles 
A map of the polarization position angles (magnetic vector) 
across the Vela remnant is shown in Fig. 2(b). The vector 
position angles over the Vela-X region are consistent with 
those from the 2.7-GHz work of Milne (1980). 
Unfortunately, as detailed multifrequency polarimetry 
has only been performed over the Vela-X region, no rota-
tion measure (RM) information exists over the outer 
regions of the remnant. However, we can use the available 
2.4-GHz results to draw some general conclusions about 
the RMs. 
First, we might expect the direction of the projected mag-
netic field to lie approximately tangential to the bright rim 
of polarized emission seen on the north-eastern side of 
Vela, as the expanding shock compresses the interstellar 
magnetic field. If rotation is small at this frequency, the 
magnetic-vector of the received radiation should lie close to 
this direction also. This is indeed seen along the mid-section 
of the arc (the area least confused by other polarized emis-
sion), where the vectors follow the arc fairly closely. Along 
the adjacent section of the arc, just to the west, the vectors 
appear significantly rotated ( ~ 45°), while the vectors lying 
along the arc segment associated with feature D appear 
rotated up to approximately - 45°. Rotations of this order, 
if caused by RM variations across the outer parts of the 
remnant, suggest RM values up to the order of ± 40 
rad m -z. This is a variation considerably greater than the 
±26 rad m-z determined over Vela-X (Milne 1980); how-
ever, we suggest that the observed angles are the result of 
variations in the direction of the intrinsic magnetic field 
rather than large Faraday rotations. 
4.2.5 Faraday rotation measures 
The projected magnetic field directions across Vela-X were 
found by Milne (1980) to run approximately parallel to the 
bright, polarized filaments. Similarly, a strong correlation is 
seen in Fig. 2 between the fainter filaments further out and 
their associated magnetic vectors, suggesting that the RM 
values found over Vela-X by Milne (1968, 1980) are sub-
stantially smaller over these fainter parts of the SNR. 
Lerche & Milne (1980) studied characteristics of the RM 
across Vela-X and argue that most of the rotation is gener-
ated in the neighbourhood of the Vela-X complex. 
Although multifrequency data are, of course, required to 
determine the RMs in these outer regions unambiguously, 
our data suggest that Lerche & Milne are correct in attribut-
ing most ofthe RM detected over Vela-X to rotation taking 
place in the vicinity of the bright Vela-X complex. 
This implies that the variation in position angle of the 
vectors seen over the polarized arc on the north-eastern 
edge of Vela is probably the result of the magnetic field 
associated with both the filamentary features and feature D 
dominating that associated with the arc. That the least con-
fused section of the arc exhibits well-aligned vectors sup-
ports this view, as does the continuity of vector angles from 
feature D across the arc. 
The polarization vectors seen over feature B, as it is well 
clear of the SNR shell, should perhaps be easier to inter-
pret. In this case, the shock created by the high-speed frag-
ment should be compressing the ambient magnetic field into 
a thin layer along the edge of the feature, to which it should 
lie tangential. This appears to be the case, although there is 
evidence for an approximately constant rotation of the 
order of 20° over the feature. It is of interest to compare this 
value with that expected from rotation due to passage of the 
radiation through both the interstellar medium and the 
Gum nebula shell. 
The RM produced by a magnetoionic medium is given by 
(e.g. Lang 1986) 
RM =0.81 [ nc(l) BII(l) dl, 
where nc is the electron density (cm -3), BII is the line-of-sight 
component of the magnetic field (I-lG), L is the path-length 
(pc) andRM the rotation measure (rad m- Z). Taking aver-
age values for the electron density and magnetic field along 
the path, the rotation at a wavelength A. is 
8=0.8U2 <nc > <B II > L. 
Hence the rotation (mesured in degrees) at a frequency of 
2.4 GHz is given by 
8= O.71<nc> <B II > L. 
© 1996 RAS, MNRAS 280, 252-266 
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As the Vela remnant is believed to lie at a distance of 500 pc 
(Milne 1968; Weiler & Panagia 1980), and to be situated 
inside the Gum nebula (e.g. Aschenbach et al. 1995), the 
emission must pass through the hot, low-density interior of 
the Gum, then the shell of the nebula and the interstellar 
medium. The electron density inside the Gum is estimated 
to be of the order of 0.01 cm- 3 (Reynolds 1976b; Strom et 
al. 1995). If we assume a line-of-sight component of the 
magnetic field of 1.5 IlG (Han & Qiao 1994) and a path-
length of 200 pc, this leads to a small rotation at 2.4 GHz of 
~2°. Assuming a shell thickness of 15 pc and an electron 
density of approximately 1.5 cm- 3 (Reynolds 1976b) 
together with a Ell of 1.5 IlG, a rotation of approximately 24° 
is found from the shell of the Gum at 2.4 GHz. A similar 
calculation for the interstellar medium gives an additional 
rotation of about 5°, leading to a total rotation of ~30° at 
this frequency. This agrees reasonably well with the value of 
about 20° or so, estimated from examining the vector angles 
seen over feature B. 
The rotation measures calculated above do not agree with 
those estimated for the Gum nebula by Vallee & Bignell 
(1983). Using a sample of 32 extragalactic sources scattered 
across an area 30° in radius (centred on the Gum), Vallee & 
Bignell argue that the mean RM seen over the area of the 
Gum nebula is about 184 rad m- 2 ; however, no uncertain-
ties are given. We calculate the statistical uncertainty associ-
ated with this value to be ± 158 rad m- 2, with similar 
uncertainties applying to other rotation measures quoted 
therein. Vallee & Bignell use the RM data to reject a spiral-
arm origin for the rotation, favouring instead a model in 
which the Gum nebula produces the observed RMs. 
Clearly, the process of selecting or rejecting models based 
on data with such large statistical errors is of questionable 
validity. 
Other, more complete estimates of RMs along the Galac-
tic plane have been made (Sofue & Fujimoto 1983; Han & 
Qiao 1994), and these show more convincing evidence that 
the large RMs seen around Galactic longitude 260° are the 
result of Faraday rotation along the local spiral arm, and as 
such are not local to the Gum nebula. Furthermore, if the 
large RMs were associated with the Gum, then the mean 
RM found over Vela-X of ~50 rad m- 2 (Milne 1968, 1980) 
should be seen to extend more-or-Iess uniformly over the 
outer regions of Vela, which is not consistent with our 
polarimetric results. 
Along the faint southern polarization arc, the direction of 
the tangential magnetic field (again assuming negligible 
rotation) is approximately directed along the length of the 
arm. 
4.2.6 Comparison with the published ROSAT X-ray image 
In general, the ROSAT X-ray image of Vela (Aschenbach et 
al. 1995) is remarkably similar to the 2.4-GHz radio image 
presented here. This structural similarity appears to hold 
for many of the small-scale features, such as the fragments 
(especially B and D) and bright arcs on the eastern side of 
the remnant, and also for the larger scale, more diffuse 
emission associated with the SNR shell. 
Just as interesting are the differences between the X-ray 
and radio images. For instance, feature B exhibits a higher 
© 1996 RAS, MNRAS 280, 252-266 
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surface brightness than does feature D at 2.4 GHz; however, 
in X-rays this relationship is reversed. 
The detection of a new, polarized fragment (near G 
264.2 + 1.7), unseen in the X-ray and new emission associ-
ated with fragment A, as well as the bright, polarized core of 
feature D, clearly point to differences in the electron popu-
lations producing the observed X-ray and radio features. A 
detailed correlation of the radio and X-ray features of the 
Vela remnant is in progress and will be presented in a future 
paper. 
4.3 The Gum nebula 
Since its discovery (Gum 1952) many features of the Gum 
nebula have been matters of contention, most notably its 
source of ionization and shell-type structure. Before 
describing our radio observations of the Gum, it is helpful to 
summarise briefly the ideas and recent results relating to the 
nebula. 
Gum (1956) proposed that the nebula was simply a large 
H II region, ionized by the stars (Pup and l Vel. This idea 
was expanded upon by Beuermann (1973), who suggested 
that the structure of the nebula could have been produced 
by the stellar winds from (Pup and y2 Vel, creating 'wind-
blown cavity' with enhanced densities near the edge of the 
shell. 
Brandt et al. (1971) proposed an alternative idea for the 
origin of ionization in the Gum, namely that of a 'fossil' 
Stromgren sphere. Arguing that the UV flux of ( Pup and 
y2 Vel was insufficient to ionize the nebula, Brandt et al. 
concluded that a supernova was required to provide enough 
energy and they looked to the Vela supernova explosion to 
provide the radiation needed. 
Spectra of selected regions within the nebula were 
observed by Reynolds (1976a), who found that a large 
amount of the Gum emission was contained within an 
expanding shell, with a diameter of ~ 250 pc and an expan-
sion velocity of ~20 km S-l. Furthermore, Reynolds con-
cluded that the combined UV flux of (Pup and y2 Vel was 
capable of producing most of the ionization associated with 
the Gum. Perhaps most significantly, Reynolds (1976b) con-
cluded that the shell morphology and high expansion veloci-
ties seen in the Gum were consistent with the nebula being 
an old SNR, with an age of the order of 106 yr. Unfortuna-
tely, a similar Ha emission-line survey by Hippelein & 
Weinberger (1975) disagreed with the Reynolds (1976a) 
result, showing instead no evidence for the Gum's system-
atic expansion. It is worth noting that the absorption studies 
of Wallerstein, Silk & Jenkins (1980) also failed to support 
the Reynolds (1976a) velocities, although this latter result 
depends, of course, on these absorption features being 
associated with the Gum. 
A good review of work relating to the origin and nature of 
the Gum nebula up to 1983 is given by Bruhweiler, Kafatos 
& Brandt (1983), who also suggest an additional possibility: 
that the nebula may be an example of an 'interstellar bub-
ble' or 'superbubble', such as are investigated by Weaver et 
al. (1977). In addition to the work of Bruhweiler et al. 
(1983), several other studies relating to the Gum nebula 
have been performed in recent years (Chanot & Sivan 1983; 
Srinivasan et al. 1987; Dubner et aI. 1992; Leahy, Nousek & 
Garmire 1992; Srinivasan Sahu & Sahu 1993). Note that 
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some of these studies support an 'old supernova remnant' 
origin for the Gum nebula, while others refute this idea. The 
work of Leahy et al. (1992), who detected soft X-ray emis-
sion from the Gum, presents perhaps the strongest evidence 
for identifying the nebula as an old SNR. Leahy et al. con-
cluded from their results that the Gum was indeed a SNR 
with an age ~2 x 106 yr. Most recently, this X-ray emission 
has been confirmed by the ROSAT All-Sky Survey (see 
Aschenbach et al. 1995). 
4.3.1 Radio emissiorrfrom the Gum nebula 
If the interpretation of the Gum nebula as an old SNR is 
correct; we might expect faint radio continuum emission to 
be associated with the shell, possibly exhibiting significant 
degrees of linear polarization. 
Our 2.4-GHz results do indeed show faint, broad-scale 
total-power emission across much of the area to the west of 
the Vela SNR (Le., towards lower Galactic longitudes), with 
concentrations of emission coinciding with areas of 
enhanced Hx associated with the Gum nebula. We are 
clearly detecting radio emission from these Hoc nebulosities. 
Furthermore, towards positive Galactic latitudes where the 
Hoc is much less prominent, considerable amounts of radio 
emission can still be seen, implying that a significant fraction 
of the structure detected at 2.4 GHz may be of non-thermal 
origin. 
The presence of such a non-thermal component is con-
firmed by the detection of patchy, low-intensity polarized 
emission associated with much of this faint total-power 
radiation. Interestingly, the polarization vectors associated 
with this emission appear to be well aligned over many 
degrees of both Galactic longitude and latitude (Fig. 3c). 
4.3.2 Thermal versus non-thermal emission 
As there is clearly a non-thermal and. a thermal component 
of the emission, it is of interest to estimate their contribu-
tions to the total-power emission detected over the region. 
Many old SNRs (~5 x 105 yr or older) exhibit high frac-
tional polarizations and low depolarizations (e.g. Berkhuij-
sen, Haslam & Salter 1971; Reich & Braunsfurth 1981; 
Duncan et al. 1995b). As the Gum is also thought to be an 
old, nearby SNR of similar age (Leahy et al. 1992), we 
expect similar percentage polarizations from the non-ther-
mal emission associated with the Gum nebula. Further-
more, the polarization angles associated with the nebula's 
emission are well aligned, indicating that differential RM 
and beam depolarization effects are small at this fre-
quency. 
Estimates over several areas of the polarization image 
(Fig. 3b) yield a mean of typically (35±1O) mly beam-I, 
with most of this variation the result of the 'patchy' nature of 
the polarized emission. (Note that a beamwidth of 1.2 times 
that of the telescope beam is used throughout the rest of this 
section.) If we assume, say, that these polarized intensities 
represent 60 per cent polarization, the total-power non-
thermal emission must be of the order of 60 mly beam -I. 
Taking the minimum near the western edge of Fig. 3(a), 
near a latitude of b = - 0 ~ 6, as a zero for the total-power 
emission (nominally 30 mlybeam-I), the mean for the faint 
total-power emission, such as that surrounding G 256 + 2, 
for example, is about (300 ± 50) mly beam -I. If approxima-
tely 60 mly beam -I of this is non-thermal, that leaves ~ 240 
mly beam -I to be accounted for by thermal bremsstrahlung; 
i.e., approximately 80 per cent of the total-power emission is 
thermal and 20 per cent is non-thermal in these faint 
regions. Around areas of brighter emission, such as G 
251-7, the total-power values rise but the polarized inten-
sities remain essentially unchanged. The total-power emis-
sion is typically (630±50) mly beam-lover these regions, 
which leads to a thermal component of ~570 mly beam-I 
or around 90 per cent of the emission. 
These values for the thermal component can be com-
pared with those expected from the emission measures 
observed by Reynolds (1976a) over the Gum nebula. First, 
we must estimate how much emission at a frequency of 2.4 
GHZ is expected for a given emission measure. The flux 
density from free-free transitions in ionized hydrogen (e.g. 
Kraus 1966) was evaluated for optically thin emission (as is 
appropriate for the emission measures detected from the 
Gum nebula; see Reynolds 1976b), and an effective tem-
perature of 104 K. At our observing frequency this 
becomes 
S~1.2EM, 
where EM is the emission measure, and S is the flux density 
in mly beam-I. 
The emission measures determined by Reynolds (1976b) 
over the faint, inner sections of the Gum nebula's shell are 
of the order of 150 cm -6 pc, which gives a flux density at 2.4 
GHz of ~180 mly beam-I. Over the brighter regions, an 
emission measure of the order of 500 em -6 pc was deter-
mined, leading to a flux of ~ 600 mly beam -I. These values 
agree reasonably well with the values estimated directly 
from our 2.4-GHz results. 
4.3.3 Polarized intensities 
The polarized intensities shown in Fig. 3{b) appear quite 
patchy, with typical scale-sizes of the order of 0 ~ 5_10. Most 
of the variations in polarized intensity are accompanied by 
only small or smooth changes in the vector orientation (con-
siderably larger than the beamwidth). Hence beam depolar-
ization or Faraday rotation effects cannot account for the 
intensity distribution. 
This implies that the distribution of the non-thermal 
emission is intrinsically patchy. This will be further dis-
cussed in the next section. 
4.3.4 The polarization vectors 
The vectors in Fig. 3( c) show a remarkable degree of uni-
formity in their orientation, over scale-sizes of the order of 
a degree or larger. Vector directions often exhibit a 'cellu-
lar' structure, with the vectors appearing well aligned within 
each cell and changes occurring near cell boundaries. 
An interesting circular structure can be seen centred on 
G 255 - 1 in polarized intensity (Fig. 3b), which appears 
reminiscent of an edge-brightened SNR some 50 in diam-
eter. However, the directions of the polarization vectors 
suggest a different interpretation. As Faraday rotation 
effects are small and fairly constant over this region of the 
Galactic plane (based on previous discussion in Section 
© 1996 RAS, MNRAS 280, 252-266 
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4.2.5), we should expect the observed polarization angles to 
be approximately symmetric about the centre of the feature 
(i.e., G 255 - 1). This is not the case at all, and points the 
way to separating the behaviour of the polarization vectors 
into two groups. 
Over the region of the Galactic plane shown in Fig. 3 it is 
generally seen that regions of enhanced polarized intensity 
are accompanied by 'cells' of uniformly directed vectors. 
Hence it is probable that these regions are characterized not 
only by an increase in the source (i.e., non-thermal) electron 
density, responsible for the increase in polarized intensity, 
but also by changes in the magnetic field direction and 
probably an increase in the field strength. Such a result is 
not unexpected, as any small-scale turbulent or random 
motions which act to increase the electron density will also 
compress the magnetic field. However, a broad section on 
the north-east side of Fig. 3 - to the east of longitude 250° 
- exhibits distinctly different behaviour. Here we see well-
aligned vectors over much of the area, with a standard 
deviation in vector angles of (J ~ 10°. This effect is especially 
apparent over the G 255 - 1 polarization feature, where we 
see large changes in polarized intensity values yet little vari-
ation in the direction of polarization. In this instance it is 
almost certainly the case that the polarized intensity varia-
tions are the result of changes in the source electron density 
within the emitting regions, given the uniformity in vector 
angles. 
The characteristics of the polarization are such that it is 
also difficult to attribute the emission to cosmic rays. As 
cosmic rays are, on small scale-sizes (1 to 10 pc), distributed 
almost uniformly, any variations in their synchrotron emis-
sivity on small scales must be caused by changes in the 
magnetic field strength - which is difficult to reconcile with 
the uniformity in the polarization position angles. 
Polarization vectors exhibiting such uniformity over an 
area of many square degrees further strengthens the associ-
ation of this polarized emission with the Gum nebula. 
4.3.5 A reinterpretation o/the SNR G 240.9-0.9 
Around this area of the Galactic plane is an SNR (see the 
catalogue of Green 1994), identified by Bonsignori-Facondi 
& Tomasi (1979), chiefly on the basis of the detection of 
optical filaments coincident with their 408-MHz SNR candi-
date. Based on the Bonsignori-Facondi & Tomasi work, G 
240.9 - 0.9 has an estimated diameter of 95 arcmin, a spec-
tral index of - 0.14±0.15, and an integrated flux of (27 ±4) 
Jy at 408 MHz. 
The spectral index of G 240.9 - 0.9 is indistinguishable 
from that of an H II region, which leads us to propose 
another interpretation of the results of Bonsignori-Facondi 
& Tomasi: that what they identify as a discrete object is, in 
fact, emission associated with the Gum nebula. 
As the total-power emission from the Gum nebula is 
dominated by the thermal component (Section 4.3.2), a flat 
spectral index is expected around G 240.9 - 0.9. The optical 
filaments are, of course, indicative of a SNR, although for 
an SNR the age of the Gum nebula such filaments are of 
very low surface brightness and are very few in number. 
Assuming a constant spectral index of - 0.14±0.15 from 
408 MHz to 2.4 GHz, a flux density of (21 ± 7) Jy is expected 
from G 240.9 - 0.9 at our observing frequency. It is of 
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interest to compare this value with the flux seen in Fig. 3(a). 
From the mean values for total-power emission over this 
section of the Galactic plane (Section 4.3.2), we determine 
an integrated flux of (15.5 ±2.5) Jy for a circular region 95 
arcmin in diameter, which agrees well with that derived 
above from the Bonsignori-Facondi & Tomasi work. Hence 
both the integrated flux and spectral index of G 240.9 - 0.9 
are consistent with this feature being a section of the Gum 
nebula emission, rather than a small, discrete SNR as 
originally claimed by Bonsignori-Facondi & Tomasi. 
It should be noted that the small group of optical fila-
ments recently identified from ESO R plates by Weinberger 
(1995) might also be associated with the Gum nebula. Wein-
berger finds these filaments over an area of sky some 5 
arcmin across and centred on G 247.9 + 5.0. 
4.3.6 The plumes near longitude 27]0 
An interesting set of structures are seen around Galactic 
longitude 271 0 , resembling 'fountains' or 'plumes', 
apparently sourced from within a bright emission complex. 
.... 
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Figure 5. Contours of polarized intensity surrounding the 'plumes' 
(see Section 4.3.6), overlayed with polarization vectors (magnetic 
vector). Contour levels are: 60, 90 and 120 mJybeam-'. The length 
of each vector is proportional to the polarized intensity, with a 
maximum intensity of 180 mJy beam-'. Axis markings are in 
degrees. 
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These objects, extending approximately 2° towards positive 
Galactic latitudes, lie almost perpendicular to the Galactic 
plane and appear to end as a wispy, cap-like structure 
extending over 5° of longitude towards the east. Much of 
this emission is prominent on Hoc images of the region 
(Sivan 1974), and as such these structures are probably 
associated with the Gum nebula. 
We find the plumes to have a significant non-thermal 
component associated with their 2.4-GHz emission. The 
magnetic vectors of the polarized emission detected from 
these objects (Fig. 5) are oriented approximately perpen-
dicular to the Galactic plane; i.e., parallel with the total-
power structures. The mean of the polarized emission from 
the plumes is ~ 40 mJy beam -1, corresponding to a percent-
age polarization of ~ 12 per cent: The vector directions seen 
in Fig. 5 lie orthogonal to the Galactic plane, with an rms 
variation of ± 15°, again suggesting low values of RM over 
the region. The aligned vectors are visible from b ~ - 1° 
northwards to b~O°, where the 'outflow' breaks into two 
sections oriented towards the north-east and north-west. To 
the south, there is some suggestion from Fig. 5 that the 
outflow continues down to a latitude of about - 2° in a 
kinked fashion. 
The structures orthogonal to the Galactic plane are remi-
niscent of an outflow phenomenon, perhaps similar to those 
investigated by Yorke, Tenorio-Tagle & Bodenheimer 
(1983) or Haynes et al. (1992). It is interesting to note that 
the theoretical models investigated by Yorke et al. and 
others result in wide exit-angles for the outflowing material 
(~45°), rather than the collimated structures we detect 
around longitude 271°. It is possible that the magnetic field 
plays a role in the collimation of this outflow. 
5 CONCLUDING REMARKS 
Our 2.4-GHz observations of this area of the Galactic plane 
show it to be a fascinating region, with new total-power and 
polarimetric results pertaining to both the Vela SNR and 
the Gum nebula. As such, many of the objects and struc-
tures deserve further investigations at other radio fre-
quencies. 
REFERENCES 
Aschenbach B., Egger R, Trumper J., 1995, Nat, 373, 587 
Baars J. W. M., Genzel R, Pauliny-Toth I. I. K, Witzel A, 1977, 
A&A, 61, 99 
Bailes M., Manchester R N., Kesteven M. J., Norris R P., Rey-
nolds J. E., 1989, ApJ, 343, L53 
Berkhuijsen E. M., Haslam C. G. T., Salter C. J., 1971, A&A, 14, 
252 
Beuermann K P., 1973, Ap&SS, 20, 27 
Bonsignori-Facondi S. R, Tomasi P., 1979, A&A, 77, 93 
Brandt J. c., Stecher T. P., Crawford D. L., Maran S. P., 1971, ApJ, 
163, L99 
Bruhweiler F. C., Kafatos M., Brandt J. C., 1983, Comments Astro-
phys., Vol. 10, No.1, 1 
Caswell J. L., Haynes R F., 1987, A&A, 171,261 
Chanot A, Sivan J. P., 1983, A&A, 121, 19 
Dame T. M. et aI., 1987, ApJ, 322, 706 
Dubner G., Giacani E., Cappa de Nicolau C., Reynoso E., 1992, 
A&AS, 96, 505 
Duncan A R, Stewart R T., Haynes R F., Jones K L., 1995a, 
MNRAS, 277, 36 
Duncan A R, Haynes R F., Stewart R T., Jones K L., 1995b, 
MNRAS, 277, 319 
Green D. A, 1994, in McCray R, ed., Proc. IAU Colloq. 145, 
Supernovae and Supernova Remnants. Cambridge Univ. 
Press, Cambridge 
Gum C. S., 1952, Observatory, 72, 151 
Gum C. S., 1956, Observatory, 76, 150 
Han J. L., Qiao G. J., 1994, A&A, 288, 759 
Haynes R F., Stewart R T., Gray A D., Reich W., Reich P., 
Mebold U., 1992, A&A, 264, 500 
Hippelein H. H., Weinberger R, 1975, A&A, 43, 405 
Kraus J. D., 1966, Radio Astronomy. McGraw-Hill, New York 
Lang K R., 1986, Astrophysical Formulae. Springer-Verlag, Hei-
delberg 
Leahy D. A, Nousek J., Garmire G., 1992, ApJ, 385, 561 
Lerche I., Milne D. K, 1980, A&A, 81, 302 
Milne D. K, 1968, Aust. J. Phys., 21, 201 
Milne D. K, 1980, A&A, 81, 293 
Milne D. K, Stewart R T., Haynes R F., 1993, MNRAS, 261, 
366 
Reich W., Braunsfurth E., 1981, A&A, 99, 17 
Reynolds R. J., 1976a, ApJ, 203, 151 
Reynolds R J., 1976b, ApJ, 206, 679 
Rodgers A W., Campbell C. T., Whiteoak J. B., 1960, MNRAS, 
121,103 
Rodgers A W., Campbell C. T., Whiteoak J. B., Bailey H. H., Hunt 
V. 0., 1960b, An Atlas of Ha Emission in the Southern Milky 
Way. Mt. Stromlo Observatory 
Sivan J. P., 1974, A&AS, 16, 163 
Sofue Y., Fujimoto M., 1983, ApJ, 265, 722 
Srinivasan M., Pottasch S. R, Sahu K c., Pecker J.-c., 1987, ESO 
Messenger, Dec. 1987, 11 
Srinivasan Sahu M., Sahu K c., 1993, A&A, 280, 231 
Strom R, Johnston H. M., Verbunt F., Aschenbach B., 1995, Nat, 
373,590 
Vallee J. P., Bignell R c., 1983, ApJ, 272, 131 
Verma R P., Bisht R S., Ghosh S. K, Iyengar K V. K, Rengar-
ajan T. N., Tandon S. N., 1994, A&A, 284, 936 
Wallerstein G., Silk J., Jenkins E. B., 1980, ApJ, 240, 834 
Weaver R, McCray R, Castor J., Shapiro P., Moore R, 1977, ApJ, 
218, 377 
Weiler K W., Panagia N., 1980, A&A, 90, 269 
Weinberger R, 1995, PASP, 107,58 
Whiteoak J. B., Gardner F. F., 1977, Proc. Astron. Soc. Aust., 3, 
147 
Wright A E., Griffith M. R, Burke B. F., Ekers RD., 1994, ApJS, 
91,111 
Yorke H. W., Tenorio-Tagle G., Bodenheimer P., 1983, A&A, 127, 
313 
© 1996 RAS, MNRAS 280, 252-266 
© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 
